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FAN OUT SEMICONDUCTOR DEVICE
INCLUDING A PLURALITY OF
SEMICONDUCTOR DIE

BACKGROUND

The strong growth in demand for portable consumer
electronics 1s driving the need for high-capacity storage
devices. Non-volatile semiconductor memory devices, such
as flash memory storage cards, are becoming widely used to
meet the ever-growing demands on digital information stor-
age and exchange. Their portability, versatility and rugged
design, along with their high reliability and large capacity,
have made such memory devices 1deal for use in a wide
variety of electronic devices, including for example digital
cameras, digital music players, video game consoles, PDAs
and cellular telephones.

While many varied packaging configurations are known,
flash memory storage cards may 1n general be fabricated as
system-in-a-package (S1P) or multichip modules (MCM),
where a plurality of die are mounted and interconnected on
a small footprint substrate. The substrate may in general
include a rnigid, dielectric base having a conductive layer
etched on one or both sides. Electrical connections are
formed between the die and the conductive layer(s), and the
conductive layer(s) provide an electric lead structure for
connection of the die to a host device. Once electrical
connections between the die and substrate are made, the
assembly 1s then typically encased in a mold compound
which provides a protective package.

One type of semiconductor package 1s a so-called fan out
chip-scale package, where a semiconductor die 1s embedded
in a mold compound with an active surface of the semicon-
ductor die including the die bond pads being coplanar with
a surface of the mold compound. A first surface of a
redistribution layer 1s then aflixed to the active surface of the
semiconductor die and mold compound. The redistribution
layer includes a second surface having solder balls for
mounting the fan out package to a host device.

A cross-sectional side view a conventional fan out chip-
scale semiconductor package 20 1s shown 1n FIG. 1. Package
20 includes a semiconductor die, such as flash memory die
22. The semiconductor die 22 may be encased 1n a mold
compound 24, with a surface 26 of the die 22 including die
bond pads 28 being coplanar with a surface of the mold
compound 24. A redistribution layer 30 may then be aflixed
to the coplanar surface of the die 22 and mold compound 24.
The redistribution layer 30 electrically connects the die bond
pads 28 of die 22 to solder bumps 32 via electrical traces 34
and vias 36 within the redistribution layer 30. The solder
bumps 32 may be surface mounted to a host device such as
a printed circuit board to electrically connect the package 20
the host device.

In fan out chip-scale packages such as package 20, there
1s room for a single semiconductor die, 1.e., the semicon-
ductor die 22 which lies directly against the redistribution
layer 30. As the die bond pads 28 of die 22 lie directly
against the electrical contacts 1n the adjacent surface of the
redistribution layer 30, there 1s no room {for electrical
connection of additional die to the redistribution layer 30.

DESCRIPTION OF THE DRAWINGS

FI1G. 1 1s a cross-sectional edge view of a conventional fan
out chip-scale semiconductor package.

FI1G. 2 1s a flowchart for the assembly of a semiconductor
device according to embodiments of the present technology.
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FIGS. 3 and 4 are partial perspective and edge views,
respectively, of a semiconductor device according to an

embodiment of the present technology at a first intermediate
stage 1n the fabrication of the device.

FIGS. 5 and 6 are partial perspective and edge views,
respectively, of a semiconductor device according to an
embodiment of the present technology at a second 1nterme-
diate stage 1n the fabrication of the device.

FIG. 6A 1s an enlarged partial edge view of an upper
semiconductor die including a column of bumps according
to an embodiment of the present technology.

FIGS. 7 and 8 are partial perspective and edge views,
respectively, of a semiconductor device according to an
embodiment of the present technology at a first intermediate
stage 1n the fabrication of the device.

FIGS. 9 and 10 are partial perspective and edge views,
respectively, of a semiconductor device according to an
embodiment of the present technology at a first intermediate
stage 1n the fabrication of the device.

FIG. 11 1s a partial perspective view of a panel of
semiconductor devices fabricated according to embodiments
of the present technology.

FIG. 12 1s an edge view showing separation of the carrier
from semiconductor devices fabricated according to
embodiments of the present technology.

FIG. 13 1s an edge view of a semiconductor device
according to an embodiment of the present technology
allixed to a host device.

FIG. 14 15 a side view of a conventional substrate semi-
conductor package.

DETAILED DESCRIPTION

The present technology will now be described with ret-
erence to the figures, which 1n embodiments, relate to a fan
out semiconductor device including a plurality of semicon-
ductor die. It 1s understood that the present invention may be
embodied 1n many different forms and should not be con-
strued as being limited to the embodiments set forth herein.
Rather, these embodiments are provided so that this disclo-
sure will be thorough and complete and will fully convey the
invention to those skilled in the art. Indeed, the invention 1s
intended to cover alternatives, modifications and equivalents
of these embodiments, which are included within the scope
and spirit of the invention as defined by the appended
claims. Furthermore, 1n the following detailed description of
the present invention, numerous specific details are set forth
in order to provide a thorough understanding of the present
invention. However, 1t will be clear to those of ordinary skill
in the art that the present invention may be practiced without
such specific details.

The terms “top” and “bottom,” “upper” and “lower” and
“vertical” and “horizontal” as may be used herein are by way
of example and illustrative purposes only, and are not meant
to limit the description of the invention mmasmuch as the
referenced 1tem can be exchanged in position and orienta-
tion. Also, as used herein, the terms “substantially,”
“approximately” and/or “about” mean that the specified
dimension or parameter may be varied within an acceptable
manufacturing tolerance for a given application. In one
embodiment, the acceptable manufacturing tolerance 1is
+(0.25%.

An embodiment of the present mvention will now be
explained with reference to the flowchart of FIG. 2 and the
partial perspective and edge views of FIGS. 3 through 13.
FIGS. 3 through 10 each show an individual semiconductor
package 100, or a portion thereol. However, as explained

-4 4
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below with respect to FIG. 11, the packages 100 may be
batch processed along with a plurality of other packages on
a carrier to achieve economies of scale. The number of rows
and columns of package 100 on the carrier may vary.
Referring now to the flowchart of FIG. 2 and the views of
FIGS. 3 and 4, fabrication of a semiconductor package 100
may begin in step 200 with stacking a plurality of semicon-
ductor die 104 on a rigid carrier 112. The semiconductor die
104 may for example be memory die such a NAND flash
memory die, but other types of die 104 may be used. The
semiconductor die 104 may be stacked atop each other 1n an
oflset stepped configuration to form a die stack 110. In the
example shown, the semiconductor package 100 includes
tour semiconductor die 104. However, the die stack 110 may
include more or less than four semiconductor die in further
embodiments, including for example 2, 8, 16 and 32 semi-
conductor dlo The die 104 may be afhixed to each other 1n

the stack 110 using a DAF (die attach film). As one example,
the DAF may be 8988UV epoxy from Henkel Corp of
California, USA.

The carrier 112 may be a thin plate formed of any of a
variety of rigid, planar materials. In one embodiment, the
rigid carrier 112 may be formed of a metal, such as for
example stainless steel. However, the rigid carrier 112 to be
tormed of other materials 1n further embodiments, including
for example silicon, silicon compounds, plastic or other
polymers.

The die stack 110 may be aflixed to the rigid carrier 112
using a temporary bonding film 116. At least mitially, the
bonding film 116 may be a B-stage adhesive that may be
laminated onto the rigid carmer 112. The die 104 may
stacked on the temporary bonding film 116 and cured or
partially cured to temporarily bond the die stack 110 to the
rigid carrier 112. As explained below, once fabrication of the
package 100 1s completed the package 100 may be sepa-
rated from the rigid carnier 112.

Once the die stack 110 1s formed, the respective die 104
in the stack 110 may be electrically connected to each other
in step 204 using wire bonds 120. FIG. 3 shows a sitmplified
perspective view with a few wire bonds shown for 1llustra-
tion purposes. There may be many more wire bonds 120 than
shown. Each semiconductor die 104 may include a row of
die bond pads 122 along an edge of the die 104. It 1s
understood that each die 104 may include many more die
bond pads 122 than 1s shown 1n FIG. 9. Each die bond pad
122 1n the row of a semiconductor die may be electrically
connected to the corresponding die bond pad 122 1n the row
of the next adjacent semiconductor die using a wire bond
120 formed as described below.

In embodiments, a stud bump 126 may 1nitially be depos-
ited on each of the die bond pads 122. Each stud bump 126
may be formed by forming a ball at the tip of a wire within
a wire bond capillary by electronic flame off (EFO), and then
afhixing the stud bump 126 to a die bond pad 122 by
pressure, elevated temperature and ultrasonic oscillation. In
one embodiment, the stud bumps 126 may be formed under
a pressure of 20 g at a temperature of 145° C. for about 12
ms using an ultrasonic frequency of 120 KHz. These param-
cters are by way of example only, and each may vary in
turther embodiments. Once a stud bump 126 1s athixed, the
wire bond capillary may pull away to break the wire and
leave the stud bump 126.

After the stud bumps 126 are deposited on the bond pads
122, stitch wire bonds 120 may be formed on the stud bumps
126 on a die 104 (for example on the bottom die 104) up to
the corresponding stud bumps 126 on the next higher die (for
example the second die 104 from the bottom). This process
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4

may be repeated up the die stack 110 until wire bonds 120
are formed between all corresponding die bond pads 122 1n
a column of die bond pads 1n stack 110.

The wire bonds 120 may be formed by other methods 1n
further embodiments, including wedge bonding and/or ball
bonding. The wire bonds 120 are shown generally 1 a
straight vertical column from one die to the next in the die
stack 110. However, 1n further embodiments, one or more of
the wire bonds may extend diagonally from one die to the
next. Further, 1t may be that a wire bond skips one or more
die 1n the die stack 110.

In step 208, one or more bumps 130 may be added to the
wire bond on each die bond pad 122 of the top die 104 as
shown 1 FIGS. 5 and 6 and the enlarged partial edge view
of FIG. 6 A. Each bump 130 may be formed for example of
gold or gold alloy by stud bumping as explained above, 1.e.,
by forming a ball at the tip of a wire within a wire bond
capillary by EFO, and then athixing the bump 130 on the stud
bump 126 and stitch wire bond 120 on the stud bump 126.
The bumps 130 may be stacked 1n a vertical column directly
on top of the stud bump 126 and wire bond 120.

In one embodiment, each bump 130 1n each column of
bumps 130 may be formed under a pressure of 18 g at a
temperature of 145° C. for about 12 ms using an ultrasonic
frequency of 120 KHz. These parameters are by way of
example only, and each may vary in further embodiments.
Once a first bump 130 in a column 1s aflixed, the wire bond
capillary may pull away to break the wire. The wire bond
capillary may then deposit a second bump 1n the column,
and so on until a column of bumps 130 1s completed.
Alternatively, the wire bond capillary may deposit a first
bump 130 on each die bond pad 122 on the top die 104, the
deposit a second bump 130 on the first bump on each die
bond pad 122, and so on until all the bump columns are
completed.

The number of bumps 130 1n a column may vary in
embodiments, but may be between one to four bumps 130 on
top of stud bump 126. Each die bond pad 122 on the top die
may have the same number of bumps 130, but it 15 conceiv-
able that the number may vary in further embodiments. In
embodiments, a bump 130 may have a height (in a direction
perpendicular to bond pad 122) of between 30 um and 33
um, though the height may be lesser or greater than that
range in further embodiments.

The size and number of bumps 130 in a vertical column
are provided to a height that may be equal to or greater than
the height of the wire bonds 120. In one example, this height
may be about 110 um. However, this height may vary and,
as explained below, the height of the column of bumps 130
may be slightly less than the height of the wire bonds in
further embodiments. Where bumps having a large height
are used, less bumps may be used. Instead of a column of
gold bumps, 1t 1s concervable that one large solder bump be
provided on top of the stud bump 126. As a further alter-
native, a column of other metal may be constructed on top
of the stud bump 126.

After formation of the columns of bumps 130 on the top
die 104, the die may be encapsulated 1n a mold compound
134 1n step 210 and as shown 1n FIGS. 7 and 8. The mold
compound may be applied onto the surface of the rigid
carrier 112, surroundmg the semiconductor die 104 athixed
to the rigid carrier 112. Mold compound 134 may 1nclude for
example solid epoxy resin, Phenol resin, fused silica, crys-
talline silica, carbon black and/or metal hydroxide. Such
mold compounds are available for example from Sumitomo
Corp. and Nitto-Denko Corp., both having headquarters 1n
Japan. Other mold compounds from other manufacturers are
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contemplated. The mold compound may be applied accord-
ing to various known processes, including by FFT (flow free
thin) molding, transfer molding or 1njection molding tech-
niques.

As shown 1n the figures, the overall footprint (length and
width) of a semiconductor die 104, and also the die stack
110, 1s smaller than a footprint of the mold compound 134.
As explained below, an RDL pad may be aflixed to the mold
compound, which may have the same footprint as the
surface of the mold compound to which it 1s attached.
Having an enlarged RDL pad (the footprint of the mold
compound rather than the footprint of the die) oflers
increased 1/0 relative to conventional chip-scale packages.
As noted above and explained below, multiple semiconduc-
tor packages 100 may be formed on the rigid carrier 112. The
mold compound may be applied across the entire surface of
the ngid carrier 112, forming a block of mold compound
encapsulating all of the packages 100 on the carrier 112.

As shown 1n FIG. 8, the mold compound may be applied
sO as to create a spacing, s, between the top die 104 and a
surface 134a of the mold compound. The columns of bumps
130 are provided with a height to fill this spacing. Thus, as
shown 1n FIG. 7, at least portions of the top bumps 130 1n
cach column of bumps 130 on the top die 104 are exposed
at or above the surface 134a of the mold compound 134. In
a further embodiment (not shown) the highest portion of the
wire bond 120 to the upper die may also be exposed through
the surface of the mold compound 134. The mold compound
134 may undergo a polish or plasma process to ensure that
surface 134a 1s flat and planar.

In step 214, a redistribution layer (RDL) pad 140 may be
alhixed to the surface 134a of mold compound 134 as shown
in FIGS. 9 and 10. The RDL pad 140 includes a first surface
having an adhesive to atlix the RDL pad 140 directly to the
surface 134a. The RDL pad 140 may have a length and
width matching that of surface 134a of mold compound 134.
The first surface of the RDL pad 140 includes a number of
contact pads 142 having positions and a configuration to
mate with the bumps 130 exposed through the surface 134a
of mold compound 134. Thus, upon mounting of the RDL
pad 140 to the mold compound 134, the contact pads 142 are
clectrically coupled to the column of bumps 130, and 1n turn
to the die bond pads 122 of the semiconductor die 104.

RDL pad 140 1s formed of an electrical conductance
pattern 146 sandwiched between a first polyamide layer 152
having the surface aflixed to the mold compound 134, and
a second polyamide layer 154 at the opposite surface of the
RDL pad 140. A pattern of solder balls 144 are provided on
the surface of the second polyamide layer 154 (before or
aiter the RDL pad 140 1s athxed to the mold compound 134).
The electrical conductance pattern 146 includes a number of
clectrical traces 148 and vias 150 which electrically couple
the contact pads 142 with select ones of the solder balls 144
to electrically redistribute the contact pads 142 to the select
ones of the solder balls 144. It 1s understood that the pattern
of solder balls 144 and electrical traces 148 shown 1s by way
of example only, and the RDL pad 140 may include other
patterns of solder balls 144 and traces 148 having a greater
or a fewer number of solder balls 144 and traces 148.

The wire bonds 120, column of bumps 130 and the RDL
pad 140 electrically couple the die bond pads on the die 104
to select ones of solder balls 144 to enable communication
between the semiconductor package 100 and a host device
on which the package 100 1s mounted, as explained below.
The columns of bumps 130 provide the spacing needed
between the upper semiconductor die 104 and the RDL pad
140 for the wire bonds 120, thus enabling multiple semi-
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conductor die 104 to be included within the package 100. In
further embodiments noted above, 1t 1s conceivable that one
or more of the wire bonds 120 to the upper die 104 may be
exposed through the surface of the mold compound 134.
Should this occur, as the adjacent surface of the RDL pad
140 1s formed of a polyamide insulator, electrical shorting of
any exposed wire bonds 120 1s prevented.

As noted, the semiconductor packages 100 may be mass-
produced on the rigid carrier 112 as shown for example in
the partial perspective view of FIG. 11. In step 218, the rigid
carrier may be separated from the semiconductor packages
100, which remain aflixed together within the block of mold
compound 134. In step 220, the individual semiconductor
packages 100 may be singulated from the block of mold
compound to result 1n the finished encapsulated semicon-
ductor packages 100.

As noted above, the rigid carrier 112 may be separated by
any ol a varniety of processes, including thermal and
mechanical processes which remove, neutralize or overcome
the adhesive forces of the bonding film 116. In embodi-
ments, the completed package 100 may be separated from
the rigid carrier 112 1n a thermal process, where the bonding
film 116 1s dissolved or the adhesive properties of the
bonding film 116 are reduced or neutralized. An example of
the bonding film 116 for use in such a thermal process 1s
Revalpha from Nitto Denko Corporation of Osaka, Japan. In
further embodiments, the completed package 100 may be
separated from the rigid carrier in a mechanical separation
process, where forces are applied between the die stack 110
and bonding film 116 that overcome the adhesive force of
the bonding film. An example of the bonding film 116 for use
in such a mechanical process 1s TM-X12-A1 from Hitachi
Chemical Corporation, Ltd., Tokyo, Japan. Upon separation,
the rigid carrier 112 may be discarded or reused.

The respective semiconductor packages 100 may be sin-
gulated by any of a variety of cutting methods including
sawing, water jet cutting, laser cutting, water guided laser
cutting, dry media cutting, and diamond coating wire cut-
ting. While straight line cuts will define generally rectan-
gular or square shaped semiconductor package 100, 1t is
understood that semiconductor package 100 may have
shapes other than rectangular and square 1n further embodi-
ments of the present invention.

The tflowchart of FIG. 2 shows the separation of the rigid
carrier as occurring before the singulation step. However,
the separation of the nigid carrier may occur after the
singulation step in further embodiments. Additionally, the
separation of the rigid carrier may occur simultaneously (as
a result of) the singulation step.

Once singulated 1nto mndividual semiconductor packages
100, the package 100 may be tlipped over and aflixed to a
host device 160 as shown 1 FIG. 13. The host device may
for example be a printed circuit board. The package 100 may
be physically and electrically coupled to the host device 160
by solder balls 144 which may be hardened 1n a reflow
process to permanently athix the package 100 to the host
device 160.

The present technology provides a fan out semiconductor
package capable of housing more memory die than conven-
tional fan out chip-scale packages, thus providing increased
memory capacity relative to conventional fan out chip-scale
packages. The present technology further oflers advantages
over conventional substrate semiconductor packages. A con-
ventional substrate semiconductor package 30 1s shown in
FIG. 14, including a substrate 52, a stack of semiconductor
die 54 wire bonded to each other, and a mold compound 56.
A conventional substrate 52 has a thickness of 80 um to 100
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um. By comparison, the RDL pad 140 of FIG. 13 has a
thickness of for example 10 um to 20 um. Thus, the RDL pad
140 offers a height savings of at least 60 um over conven-
tional substrate packages.

Additionally, conventional substrate packages need to
provide the mold compound with a thickness which leaves
a clearance height, h, above the highest wire bond to ensure
that the wire bond 1s not exposed through a surface of the
mold compound. This clearance height, h, 1s conventionally
95 um to 110 um. By comparison, the wire bond may be
exposed through a surface of the mold compound in the
package 100 according to the present technology. Thus, the
clearance height in the package 100 of the present technol-
ogy may be reduced or eliminated altogether, thus providing
a further reduction 1n the height of package 100 relative to

conventional substrate package.

Furthermore, as the bottom semiconductor die 54 1n the

conventional substrate package 50 needs to be athxed to the
substrate 52 with a layer of DAF, there 1s one layer of DAF
for every semiconductor die 1n the conventional substrate
package. By contrast, the semiconductor package according,
to the present technology has one less DAF layer than there
are semiconductor die (there 1s no DAF on the bottom or top
surface of the die stack 110). Thus, as compared to conven-
tional substrate semiconductor package 30, the package 100
accordmg the present technology has a turther reduction due
to having one less DAF layer (for example 10 um).
In embodiments, the present technology relates to a
semiconductor package 100 that may be a fan out semicon-
ductor package, where the electrical connections from the
semiconductor die fan out, or are distributed to positions
outside of the footprint of the semiconductor die and/or die
stack. In particular, signals from the electrical contacts 142
are distributed to the solder balls 142 on the larger RDL pad
140. In embodiments, the semiconductor package 100 may
also be a chip-scale package, or CSP. In embodiments the
RDL pad 140 may have an area up to 1.2 times bigger than
that of the semiconductor die 104 to which the column of
solder balls 130 1s athixed. The area of the RDL pad 140 may
be smaller or larger than 1.2 times this semiconductor die in
turther embodiments.

In summary, in one example, the present technology
relates to a semiconductor package, comprising: a plurality
of stacked semiconductor die, each including die bond pads,
the plurality of stacked semiconductor die including a first
semiconductor die at a top of the stacked semiconductor die;
mold compound, the plurality of semiconductor die encap-
sulated within the mold compound so that a surface of the
first semiconductor die including the die bond pads 1s within
the mold compound and spaced from a surface of the mold
compound; wire bonds athixed on the die bond pads of the
plurality of stacked semiconductor die, the wire bonds
clectrically coupling the plurality of stacked semiconductor
die; columns of one or more bumps formed on top of the
wire bonds at the die bond pads on the first semiconductor
die, the one or more bumps of each column having a surface
of a bump exposed through the surface of the mold com-
pound; a redistribution layer (RDL) pad aflixed to the
surface of the mold compound, the redistribution layer pad
comprising: contact pads on a first surface of the RDL pad
mating with the exposed bump of each column at the surface
of the mold compound, solder bumps on a second surface of
the RDL pad, and a conductance pattern for electrically
connecting the contact pads on the first surtface of the RDL
pad with select ones of the solder bumps on the second

surface of the RDL pad.
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In a further example, the present technology relates to a
semiconductor package, comprising: a semiconductor pack-
age, comprising: a plurality of stacked semiconductor die,
cach including die bond pads, the plurality of stacked
semiconductor die including a first semiconductor die at a
top of the stacked semiconductor die; mold compound, the
plurality of semiconductor die encapsulated within the mold
compound, a surface of the first semiconductor die including
the die bond pads embedded within the mold compound to
define a spacing between the surface of the first semicon-
ductor die and a surface of the mold compound; wire bonds
afixed on the die bond pads of the plurality of stacked
semiconductor die, the wire bonds electrically coupling the
plurality of stacked semiconductor die, the wire bonds to the
die bond pads on the first semiconductor die provided in the
spacing between the surface of the first semiconductor die
and a surface of the mold compound; columns of one or
more bumps formed on top of the wire bonds at the die bond
pads on the first semiconductor die, the one or more bumps
of each column filling the spacing between the surface of the
first semiconductor die and a surface of the mold compound;
a redistribution layer (RDL) pad afhixed to the surface of the
mold compound, the redistribution layer pad comprising;:
contact pads on a first surface of the RDL pad mating with
the exposed bump of each column at the surface of the mold
compound, solder bumps on a second surface of the RDL
pad, and a conductance pattern for electrically connecting
the contact pads on the first surface of the RDL pad with
select ones of the solder bumps on the second surface of the
RDL pad.

In another example, the present technology relates to a fan
out semiconductor package, comprising: a plurality of
stacked semiconductor die, each including die bond pads,
the plurality of stacked semiconductor die including a first
semiconductor die at a top of the stacked semiconductor die;
mold compound, the plurality of semiconductor die encap-
sulated within the mold compound, a surface of the first
semiconductor die including the die bond pads embedded
within the mold compound to define a spacing between the
surtace of the first semiconductor die and a surface of the
mold compound; wire bonds atlixed on the die bond pads of
the plurality of stacked semiconductor die, the wire bonds
clectrically coupling the plurality of stacked semiconductor
die, the wire bonds to the die bond pads on the first
semiconductor die provided in the spacing between the
surtace of the first semiconductor die and a surface of the
mold compound; a redistribution layer (RDL) pad athixed to
the surface of the mold compound, the redistribution layer
pad comprising: contact pads on a first surface of the RDL
pad, solder bumps on a second surface of the RDL pad, and
a conductance pattern for electrically connecting the contact
pads on the first surface of the RDL pad with select ones of
the solder bumps on the second surtace of the RDL pad; and
means, provided in the spacing, to electrically couple the
contact pads of the RDL pad with the die bond pads of the
first semiconductor die.

The foregoing detailed description of the invention has

been presented for purposes of illustration and description.
It 1s not intended to be exhaustive or to limit the mvention
to the precise form disclosed. Many modifications and
variations are possible 1n light of the above teaching. The
described embodiments were chosen 1n order to best explain
the principles of the invention and 1ts practical application to
thereby enable others skilled in the art to best utilize the
invention 1n various embodiments and with various modi-
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fications as are suited to the particular use contemplated. It
1s intended that the scope of the invention be defined by the
claims appended hereto.

We claim:

1. A semiconductor package, comprising:

a plurality of stacked semiconductor die, each including
die bond pads, the plurality of stacked semiconductor
die including a first semiconductor die at a top of the
stacked semiconductor die:

mold compound, the plurality of semiconductor die
encapsulated within the mold compound so that a
surface of the first semiconductor die including the die
bond pads 1s within the mold compound and spaced
from a surface of the mold compound;

wire bonds aflixed on the die bond pads of the plurality of
stacked semiconductor die, the wire bonds electrically
coupling the plurality of stacked semiconductor die;

columns of one or more bumps formed on top of the wire
bonds at the die bond pads on the first semiconductor
die, the one or more bumps of each column having a
surface of a bump exposed through the surface of the
mold compound;

a redistribution layer (RDL) pad athixed to the surface of
the mold compound, the redistribution layer pad com-
prising:
contact pads on a first surface of the RDL pad mating

with the exposed bump of each column at the surface
of the mold compound,
solder bumps on a second surface of the RDL pad, and
a conductance pattern for electrically connecting the
contact pads on the first surface of the RDL pad with
select ones of the solder bumps on the second surface
of the RDL pad.

2. The semiconductor package of claim 1, wherein a
height a column of bumps above a die bond pad 1s greater
than or equal to a height of a wire bond over the die bond
pad.

3. The semiconductor package of claim 1, wherein wire
bonds to the die bond pads of the first semiconductor die are
completely encased within the mold compound.

4. The semiconductor package of claim 1, wherein a wire
bonds to a die bond pad of the first semiconductor die 1s
exposed through the surface of the mold compound.

5. The semiconductor package of claim 1, wherein there
are between one and four bumps 1 a column of bumps.

6. The semiconductor package of claim 1, wherein the
wire bond comprises a stud bump on the die bond pads of the
first semiconductor die.

7. The semiconductor package of claim 6, wherein there
are between one and four bumps stacked on top of the stud
bump.

8. The semiconductor package of claim 1, wherein a
tootprint of the RDL pad is the same as a footprint of the
surface of the mold compound.

9. The semiconductor package of claim 8, wherein the
tootprint of the RDL pad and surface of the mold compound
1s larger than a footprint of the plurality of stacked semi-
conductor die.

10. The semiconductor package of claim 1, wherein the
wire bond comprises a stud bump on the die bond pads of the
first semiconductor die.

11. The semiconductor package of claam 10, wherein
there are between one and four bumps stacked on top of the
stud bump.

12. A semiconductor package, comprising:

a plurality of stacked semiconductor die, each including

die bond pads, the plurality of stacked semiconductor
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die 1including a first semiconductor die at a top of the
stacked semiconductor die;

mold compound, the plurality of semiconductor die
encapsulated within the mold compound, a surface of
the first semiconductor die including the die bond pads
embedded within the mold compound to define a

spacing between the surface of the first semiconductor
die and a surface of the mold compound;

wire bonds aflixed on the die bond pads of the plurality of
stacked semiconductor die, the wire bonds electrically
coupling the plurality of stacked semiconductor die, the
wire bonds to the die bond pads on the first semicon-
ductor die provided 1n the spacing between the surface
of the first semiconductor die and a surface of the mold
compound;

columns of one or more bumps formed on top of the wire
bonds at the die bond pads on the first semiconductor
die, the one or more bumps of each column filling the
spacing between the surface of the first semiconductor
die and a surface of the mold compound;

a redistribution layer (RDL) pad athixed to the surface of
the mold compound, the redistribution layer pad com-
prising:
contact pads on a first surface of the RDL pad mating

with the exposed bump of each column at the surface
of the mold compound,
solder bumps on a second surface of the RDL pad, and
a conductance pattern for electrically connecting the
contact pads on the first surface of the RDL pad with
select ones of the solder bumps on the second surface
of the RDL pad.

13. The semiconductor package of claim 12, wherein a
height a column of bumps above a die bond pad 1s greater
than or equal to a height of a wire bond over the die bond
pad.

14. The semiconductor package of claim 12, wherein wire
bonds to the die bond pads of the first semiconductor die are
completely encased within the mold compound.

15. The semiconductor package of claim 12, wherein a
wire bonds to a die bond pad of the first semiconductor die
1s exposed through the surface of the mold compound.

16. The semiconductor package of claim 12, wherein
there are between one and four bumps 1n a column of bumps.

17. A fan out semiconductor package, comprising:

a plurality of stacked semiconductor die, each including
die bond pads, the plurality of stacked semiconductor
die including a first semiconductor die at a top of the
stacked semiconductor die;

mold compound, the plurality of semiconductor die
encapsulated within the mold compound, a surface of
the first semiconductor die including the die bond pads
embedded within the mold compound to define a
spacing between the surface of the first semiconductor
die and a surface of the mold compound;

wire bonds affixed on the die bond pads of the plurality of
stacked semiconductor die, the wire bonds electrically
coupling the plurality of stacked semiconductor die, the
wire bonds to the die bond pads on the first semicon-
ductor die provided 1n the spacing between the surface
of the first semiconductor die and a surface of the mold
compound;

a redistribution layer (RDL) pad athixed to the surface of
the mold compound, the redistribution layer pad com-
prising:
contact pads on a first surface of the RDL pad,
solder bumps on a second surface of the RDL pad, and
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a conductance pattern for electrically connecting the
contact pads on the first surface of the RDL pad with
select ones of the solder bumps on the second surface
of the RDL pad; and

means, provided in the spacing, to electrically couple the 5

contact pads of the RDL pad with the die bond pads of

the first semiconductor die.

18. The semiconductor package of claim 17, wherein the
means comprise a column of stud bumps formed of the same
material as the wire bonds. 10

19. The semiconductor package of claim 17, wherein the
means comprise a solder bump.

20. The semiconductor package of claim 17, wherein the
means comprise a column of conductive material.

x x * Cx x 15
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